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. Introduction

Teva-‘- r'on in Run II: Collider Run Il Integrated L

minosity (pb™)
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= * Tevatron is a source of all B-hadron
SR species: B, B, B, B,and A,
2 .0,2294+06+6.2 b (Inl<1)

RUN Il started in 2001: * Huge cross-section compared to B-factories
* Vs=1.96 TeV but proportionally large backgrounds (* 103)
 Record luminosity: » Events have to be selected with

Lins = 181.8 x1039cm-2s specific triggers
. Delivered: [Ldt = 1.6 fb-1 * Easily recon-able J/¥ with di-muon trigger

BEACH 2006 Azizur Rahaman 3/23



- Bc is the ground state of be system, a unique system
two heavy quarks of different flavour'

with

- Production: . .
Lines are color-singlet

Chang et al PRD 71 (2005) 074012

states |

» Mainly gg (qq) ->Bc+b +¢c > ‘s Bands are color-octet states

» Contribution from both color-singlet <
and color-octet states §
+ Softer prdistribution = NG
- Decay: both b and ¢ quarks can g
participate in Bc decay
+ Shorter c-like lifetime

* Large number of possible final states T 2|°pt(éfev)3|°
- Mass: predictions from potential
models and new lattice QCD calculations

- All aspects of the theoretical work require experimental

measurements and this is happening now at Tevatron!!
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Observation and Measurements:

PRL 81, 2432 (98) and PRD 58, 112004 (98)

14

-
N
T

-
=]
\

) 10 40

Events per 0.3 GeVIc®
I
|

20
N(B_)

Jy+e and J/y+pL

—— Data (Bc Candidates)
Fitted Signal

- Fitted Background

7 8
MJy+lepton) (GeV/c)

9 10

Production: p(B) > 6 GeV/c; Inl <06
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1=0.46.55 = 0.03 ps
M=6.4 + 0.39 = 0.13

GeV +0.032
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w Results from DO

Three muon final state:

Analyzed 0.21 1/fb 3 C — 1)
, (‘EL( T
- Total 231 candidates e
including signal + backgrounds \

- Use J/V + track control sample to
study background contribution:
* Prompt background: coming from
prompt J/¥ + fake muon
* Non-prompt or heavy flavor background:
coming from J/¥ from B mesons + fake muon
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+ data
B heavy flavor background
B prompt background -

B heavy flavor background
B prompt background
[ signal ]
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Background-only fit is poor compared with addition of signal:
A2log(likelihood) is 60 for 5 dof
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-Correct for missing particle(s) #* j
from MC: k-factor AR A
»Unbinned likelihood fit to /&
pseudo-proper time under - & :
variety of mass hypotheses ;
%957 DO Preliminary - - - 6 N g-;hypc’t?{ggs(ee\f)-s
s | Results: DO note: 4539-CONF

C . l . ! l . l . ]
0.35 0.4 0.45 0.5 0.55 0.6
lifetime (ps)
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« 95 + 12 + 11 candidates

* Mass: 5.95
» Lifetime: 0.448 ,,,,+0.121 ps

+0.14
-0.13

+ 0.34 GeV

+0.123
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Bc-> J/WuX decay:
Analyzed 0.36 1/fb
+ Use 2.7 M J/W¥ events and add a muon

+ Estimate contribution from backgrounds:
- Fake muons:

Punch through: hadrons pass through muon
detectors w/o being absorbed in calorimeters

Decay-in-flight: hadrons decay to muon before
entering muon detectors

- bb background: J/¥ from b and p from b
- Fake J/¥: Background events under J/% mass peak
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Backgrounds

CDF Run Il Preliminary

Fake muon contribution

o, 0014= - K" — p*+...
= - e-K +...
- Select K and m from D and g O . e
==
p from A sample and look for g oo
. . . o ?_+__+_
association with a muon s 00T :
° . E_ p/p punch through upper limit
1 The muon deTZCTor' 03_" : 'A'H 5'd o '7G 'E\'al'/' T
- Use PID quantities adron pr [Gevicl
CDF Run Il Preliminary CDF Run Il Preliminary
(TOF and dE/dx ) to ggg; p:2:3GeVic) . e0 T 2)3- 3.5 GeVic |
fimat i co0. K: 4285101 | 120 17_?:42120
of K, mand p 200 00
/ Theted _ u 80~
2001 K 60
Fake muon: 1007 A "'-i-.'j,,__p 0 W
O:H.. ...H'an||l4.4--rr'T/|'-|/w.rﬁ"\t-<:|-|.lHn| ~ . OE_ - +++1||\1 > -
163129 evenTS ‘e _(1'I'o(f)-'l1'ot3/g oo e dé/d:( p(L)JII1 =8
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More backgrounds

+ bb background: Use Pythia
MC with fractions from FC,

FE and GS and normalized to

B->J /WK data. Fit AD with

data to estimate systematic

12.7+1.7+H.7 events

COF Run Il Preliminary

= Events: 817

= 60| - Total Fit Result

= [ - Gluon Splitting Fit Result
=] snp - Flavor Creation Fit Result
e - - Flavor Excitation Fit Result
o - - Other JAyu Events

=
(18}

1.0 1.5

S0 e
JM Ad (rad.)

CDF Run Il Preliminary CDF Run Il Preliminary

+ Fake J/W¥: Estimate froms «,.., T F

sidebands by matching £ %!

third track with a muon £ 8
19.04£3.0 events T oy i) e o AV
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Production: Bc->J/Wu

* In mass window 4-6 GeV: CDF Note: 7649
- events obser'ved = 106 45_CDF Runll Preliminary: L = 360 pb'1
- signal events = 60 Yo + - BerX candiaes
Use MC to estimate G 30 Significance: 5.20
relative efficiency and S gg: + +
get the number of % 12:
candidates from data: 25
() S+ L by L PR - L.
o(B) X B(B~T/yev) | ® Massu) - [GeVIc]

o(B,) x B(B,->J/y K) P+(Bc)> 4 GeV; |y| <1

0.249 + 0.045 (stat) £ 0.069 (sys) % ooz (cT)

0.033
Lifetime analysis in progress
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Results: Bc -> J/WeX

Bc -> J/WeX: Analyzed 0.36 1/fb
Add an electron to J/W¥

- Electron identification:

- Good track with pr> 1 GeV and
matched to central strip chambers
and EM calorimeter

- Cut on normalized cumulative
likelihood function: Pe > 0.7
constructed from 10 em and
tracking variables

- Additional cut on specific ionization:

dE/dX
( E )measur'ed : Ze/()' > -13
(dE/dX)pr‘ediCTed

Ze=log
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CDF Run 2 Preliminary

Arbitrary unit

—— Electron (y—e'e’)
+++++++ Pion (K’ >n*r)
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CDF Run 2 Preliminary
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e K@0N

¥ - Proton
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13/23



* FG ke €|€C'|'I"On1 CDF Run 2 Preliminary

? 2 - AT
S@I@CT K Gnd T fr,om D ';;::2;_ Averaged fake rate —=— positive charge
s 1.6~ --8-- negative charge
and p from A decay with g1.:
e-ID and get mand (Kp) " 2E
composition from 08E 4
Pythia MC oeE
L S P T
15.43 + 0.31 events 02F B S
—_ 't e R el R s R o e D SReih W
* bb bGCkground: ? ? ! > Trgnsverie Moientunﬁ {Ge‘}}u

Use Pythia MC with fractions of FC, FE and 6S and
normalized to J/WK data

33.63 + 2.20 events
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Photon conversion

Residual photon conversion:
* Removed during J/We
sample selection
» Evaluate the conversion
finding efficiency from MC

CDF Run 2 Preliminary

(B'>J/LP1TO; -|TO'>YV; Y->€+e') 0.9;- e from B® = Jiy n° MC
. Esflma're residual Conversion o,ai_ Conversion partner track pT>400MeV
electrons from J/W+tagged o7 S %
. 0.6

conversion: E 41
053

Nr‘es = NconX(l-acon)/ﬁcon 0_45_ Conversion finding efficiency
0% % 0

14 54 + 4 38 events pT(e)(GeV)
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Production: Bc->J/We

Observed:
1785 +14.7
Backgrounds:

63.6+49+136 £

Excess:

1149 +155+ 136 =
Significance: 590

Production:

o(B.) x B(B.->J/ytv)

o(B,) x B(B,->J/y K)

BEACH 2006

CDF Note: 7926 CDF Run 2 Preliminary: ~360 pb”'

‘ —— DATA
E [ Background
H '
. '
fem LS :
L] "
L u

d
IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|III

T
10 12
Mass(upue) (GeV)

c’II
N
.
(=]
oo

=0.2821+0.038(stat.)+0.035(yield)+0.065(acc)
pr(B) >4 GeV/cand |y| <1
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Lifetime: Bc->J/We

¢ Relax Iife'rime r'elaTed CUTS 1'0 add CDF Run 2 Preliminary: ~360 pb'

) ) NEE 2505_ + —e— DATA
prompt for better parameterization; & ¢ =
o 200 — smeeeeemnen R@sidual convarsion
zero lifetime with Gaussian resolution § ¢
100
- Missing particles (neutrino etfc): sol-
- . 0 : L -.-I e '.......'..'.H. i v.rn: — ]
(pse@) ) proper decay length R
CDF Run 2 Monte Carlo CDF Run 2 Monte Carlo
';E‘ 0.1 4 < M{Jiy+e) < 4.5GeVic' ’gg_u:_ 4.5 < M(J/y+e) < 5 GeV/c-
<to.os_ . R S -
o.osf_
004 .04
0.02~ 0.02F-
CGICUIGTe from MC. oF 05 1 15 z;Kf t2.5 °0: 5.5 1 1.5 ;_:Kf t2.5
CDF Run 2 Monte Carlo CDF Run 2 Monte Carlo
'§0-18;— 5 < M(J/y+e) < 5.5 GeVic’ E 03E 5.5 < M(Jly+e) < 6 GeVic’
z0.16F o
g o.14fF Mean_: 1.057 g 0.25F Mean_: 1.016
K pT(J/LIJ+e) M(BC) 20_0125: RMS : 0.111 £ 0-2:_ RMS : 0.061
- 0.08F- 0.15F
Pr(BC)  M(T/W+e) it o
0.02F TR
']0: 05 1 75 ) 2.5 00: 5.5 1 15 ) 2.5
K factor K factor
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. . . . -ex/060302 iminary : ~360 pb”
+ Un-binned likelihood fit "¢ eX/200 02 7chF Run2Prfminay : 5605

to signal and background %102'
- Signal: pure exponential
convoluted with Gaussian
and K-factor dist from MC
- Backgrounds: fractions
and decay length from

background samples

1(Bc)=0.474

BEACH 2006

Entries pe

—_—

Jly+electron
—s— (ata

— fit total

B signal

=== hackgrounds
prob.=14.8 %

,T,

A
104000 2500

0

T B
500

I..Pl L1 1 | | | 1
1000 1500 2000

Pseudo-Proper Decay Length (um)

+0.073

-0.066

+0.033 ps
c1(Bc)=142.1

Azizur Rahaman

+21.9
-19.7

+10.0 ym
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. Mass measurement

Fresh from the oven: c
Analyzed with 1.1 fb- '

» Fully reconstructed decay
mode - precise measurement
of mass possible

» Blind analysis: Tune selection on data Bu -> J/W K
then replace K with 1

+ After approval "open box" and wait for
significant excess of events

- Measure mass of Bc
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Some selection cuts: E

pr(K)> 1.7 GeV oF
pr(B) > 5 GeV °
IM(up) - M(J/¥)| < 70 MeV ’
Decay length > 80 um
IPgingr(K wrt PV) > 2.50
pointing angl e p < 0.4 rad

Entries per 5 MeV/c?

Clear indication of
signal build-up with

10_

10 F

the accumulation of
more and more data  (EiS

11 1 1 1 r
.15 6.25 6.35 6.45 6.15

@&rﬂﬂwﬂ% i mJ]rl

0.5fb"

Mass(Jyn) GeV/c?
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Mass measurement

Binned fit and Poisson probability
Binned fit using linear bkg 15— LI

and Gaussian signal with E?Béﬁﬁéﬁgé‘ﬂs ginned oo
fixed width 15.5 MeV/c2 107 BN
*Calculate siganl and bkg
in 20 region

*Poisson probability that
34.6 background

events can fluctuate to
total number of events
exceeding 79 is 3.0x10-1
correspond to 6.50 . ,
«Several other studies 615 625 835 645
confirm excess above 60 Mass(J/ym) Gel/
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~N{bkgd)}=34.6 1

Entries per 5 MeV/c?

C N(Bc)=444 ! | : bkad subtracted




Mass measurement

Mass determination: . |
Unbinned log likelihood fit Lattice QCD calculation

with a linear background +  **r T _
Gaussian signal ssoo- ) = potental o ]
i i v potential NRQCD ]
. _§ 6400 |- . — COF .
parametrs: mass, fraction, z | o :
slope, o scale (1.56) for L _z ____________ e . -
mass resolution ook f to
: PRL 94, 172001 (2005) :

Observed signal: 49.1+9.7 N B I TG RS R O RO

Backgrounds: 34.1 M(Bc), 47 = 6304 +12 MeV/c?

M(BC)cpr = 6276.5 + 4.0 (stat) + 2.7 (sys) MeV/c?

Nuclear Physics B (Proc. Suppl.) 156 (2006) 240-243 and FERMILAB-CONF-06-074-E (Apr 2006)
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+ Semi-leptonic decays observed > 5o
- DO: Analyzed J/%Wp with 0.21 fb-!
- CDF: Analyzed J/Wu and J/We with 0.36 fb-!

* Fully reconstructed mode J/Wr > 6.50

- CDF has measured precision mass with 1.1 fb-!
- Coming soon:

- Lifetime form J/Wu

- Production spectrum
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Detectors

Excellent tracking system in 1.4 T consists of
5-layers of silicon + ISL + COT and drift muon

chambers CMU + CMX |n| < 0.6 (1.0)

Co Central Calorimeter (E H)
Ry <

Wall Calorimeter (H)

Plug Calorimeter (E/H)

Forward Muqn

Forward Calorimeter (E)

Luminosity Monitor

Time of Flight

entral Outer Tracker
Silicon Vertex Detector
Intermediate Silicon

CDF Detector

BEACH 2006

Excellent coverage of tracking and muon system
Forward muon system with |n| < 2; good shielding
4-layers silicon and 16-layers Fibre-trackers in 2T

Porward Mimi-drife
charibers

| Contral Seintillatar |

| Farweard Seintillatar |
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Shielding | |

Tlol

[
P

New Solenoid, Tracking System

5i, SoiFiPreshowers

DO Dtector
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DO Results

Systematic errors

Mass (GeV /c?) Lifetime (ps) # Signal
Statistical 13 o 11.8
Limited statistics of background sample (.06 0.013 3.0
Fraction non-resonant B — J/1 *;r+?r“u (.14 0.022 6.7
Feed-down fraction from BY — J /(25 v 0.08 0.017 5.4
MO signal modeling: phase space vs, ISGW (.16 0.023 44
MO signal modeling: HQET vs, I5GW (.06 0.007 1.8
Be pp spectrum (.05 (.004 (.8
Momentum binning (.14 0.062 0.4
Alignment and primarv vertexing algorithm (.08 (.08 5.1
Fay selection criteria (.06 (.028 -
Sensitivity to prompt/heavy relative bked Iractions (.15 0.030 -
Total systematic error (.34 0.121 10.7

BEACH 2006 Azizur Rahaman B2



Systematic errors

catalog description Fitted ¢r (pm) | Aer (um)
K-factor M(B,) =64, 6.2 GeV 14045575, 143.0°75% +1.7
K-factor 7(B.) = 0.5, 0.7 ps 141. 9“62 +0.2
K-factor Hy — J/¢X spectrum 140.8775' +1.3
K-factor Inclusive J/vXer 140.57501 +1.6
K-factor trigger simulation 14247557 +0.3
K-factor sub-total Acr = £2.7
Frake-e Use J/1+trk shape directly 140.67%7 -1.5
Ffake—Jjv use J/v + ¢ sideband 136. 0*3}3 —-6.1
Feonv—e Use tagged conv-e shape directly 141.2755:4 -0.9
Fonv—e use J/1)+conv-e sideband 144.87%03 +2.7
Fii use FE only 150.277%% +8.1
Fi use GS only 138, Bf{gg -3.8
Fii No error scaling in MC 14097558 -1.2
Background shapes sub-total Aer = (+8.5, =7.5)
Ly, resolution | extra Gaussian/symmetric exponential | 137. 01468, 136.5755% -5.6
Ly, resolution Punzi effect 137, 3“94 —4.8
L, resolution silicon alignment +1

Ly, resolution sub-total Acr = (+1.0,-7.4)

Total systematic error Aer = (+9.0, —10.9)
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